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(54) RADIO RECEIVING SYSTEM 

(57) Abstract: 

PROBLEM TO BE SOLVED: To improve communication 
quality by canceling unwanted user signals, while using 
an interference canceler. 

SOLUTION: The frequency of the signal of path division 
multiple access(PDMA) or code division multiple 
access(CDMA) communication system receiver by 
antennas 3-6 is converted by a frequency converting 
circuit 7, and these signals are converted into digital 
signals by an A/D converter 8 and inputted into a 
digital signal processor(DSP) 10. The signal of a 
specified user is extracted from the input signals by 
adaptive arrays 11 and 12, and furthermore an 
interference user signal component is removed by 
interference canceler 20 and 21. Thus, the signal 
component of the desired user suppressing the 
interference component is outputted. 
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(57) [Sffi] 

[RIB] TSfMr-r ^ ? Srffl^T^^ 

[fl¥**&] T 3 — 6 tgfl £ tL7t P DMA, 

^/Wf#^*$tbTDS P 1 0KA;*j£*x5«, A^ff 
^f)7^f^^7K 11, 1 2^«J:oT4#Ae^^ 
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bom^-z^ni-z z 1 tfx°$ z>mm%:m ->^^xh 
mmm^m^m^bm^^ti?>m^m^^x. mm 

[ft 2 ] HufETPI&5&3M£fi, 

s HtrtEffiifcos.— r ©ft ^^w-r 5 9 

* - 9 'If *R Sr*£-T SKTe^JS £ , 
B9IE«jg:©a— if ©ft £ HuSEltifc©^ ^ - 9 If* £ 

«fc^»^wm^«^-Sr«*-t-S^i. 20 

*5fir#3R?!l*aiRlU-CW*-t-5»#l#ai:Sr^tr. ft 
*Jg i KfEftoSSiSiigft v-^-r a„ 

[ft*«3] *«©TVf^*JBV*T8Mfc©:=.— - if*» 

ffiuWk<or >r tr-gfi $ ttfcm-^i-Bf^ row 

Sr^-Tff £ , 30 

* ttr « 5 t , 

mrfE^ 7 ^ - * «*8£#ii u-c mffam^-^s^^^ h m 

SrBfe*Ufc«#*W*i-«i!it»#a:i:*$tr, *ii»gft 40 
£, 

«raE**©j-— if c*r«i-a*«©BMa«is#a £ * 

tfflf*S5] «*©T>^&JS^T«*©:x— ifa» 
5> Oft 4§- £§:ft -T 5 r. £ a* T* £ 5 SSiSSft v-XrAffc 
oT. 50 
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Bftffi*— iftta*a«>#aw:, 

© r: £ fc*a©w«©*— if ^*fjc&-r *«#*^srtta 

^IE^-if^tU^(7)|j]©:©mfiBm-^tttH^©coA^)f- 
(ifitffEft^Ja^g^PjW^j^nsft^SA*^^ 

oitts 2 ow*— iftfta^ao«fa©i!WBt»3iit#a 

ft -^Ti. 

6 ] mrfE^^#©fi, 

MIEft^S^*^ b W>3 $ti5ft^ 6. BfrlE^*^© 

[lt*JS7] ffi^corv^^-^fflVNT^m©^— if* s 
P> ©ft-^-SrSft-1- 5 r £ SM^gft V^- 7" AT'fc 

**a©*-if«a*ai: ^e^. 

a^j $ ftzm^&<s\,^xmmmm<v=>--- v <o o ^<om 

£> 

^IBft-^-ttttl^^A^^^Sft^-^^-rSBulEft^-tt 

mm^y *—9mm*2>m. vxmmm^-mm^m^xti 
Buia^.— if ^a#©w^o©omiiBft-^ttm#©o a^j 

(imJlEft^a^^^ai^^^t-Sft^A^j^^ a» 
oigtS 2 if^W^aofi«©WHu|ES5SL^g; 
©W^jiismeoB»iEft-§-ttffl^SoA^f--^XL ^HS J: 

5»t^jr^«a©3--if«a#a*ss5«!$ix5, 




3 

ar:t^»*sw£^^-if^fl?"t-sm#*^srttm 
LTtti^-r^ft^ttm^ai:, 20 
fltf8Efs#ttm^a^A***t««#^set-t-59ffaa«#tt 
u^a^ttmsixfcfi^^iifffcHi-s^?^-^ 
««s:it^"t-s«i^a t , 

sfriB^— if^w^a^waowiEff ^ttw^aoA^jt- 
fimaEff^a^a^feai^sixsff^A^s^ 

if^tu^a^)iira<7>Bfriasi»*a 
^uiA*s«aowsa«#ttffl#a^A*ffc#x.fotts «t 30 

^^BtriBtttta^^-^tfeffl^a^S^RSix*. 

[§s*:j5 1 1 ] mmmn^m^ 
sjiafs-f-ttu^a^ J: o xtttti * ixfcm-^*» t a-js-r 

BftiEft #ttta^at- a* s n§ it ^ b miis^^^a^ 
a^ffi#*«»-r5«nt#aiS:-&tp, »**iofcia 

^«^ttm^a^m*sr»*-r5tft»*asr* e>t--& 40 

[fit 1 3 ] HuiB«»^^-— !f A* h Off P DM 

Aiiff^^J:oTe^^^Lfcm^fc5, SMtJgia* 

[«*?Sl 4] SulS^O^-lf^^Off-^^CDM 

[t«*jsi 5] miECDMAiiff^s;^j:oTeais 
tiftm^±, mmm^^mm^wcw^cx tut** 50 
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«XT*5 9, BufBff^SlHlSg/O^W^^^^m^-^CD 
fS#flbW#a^#*.5iS!tt«*aSrSfo^«*.5, »* 

[0 0 0 1 ] 

CSU ¥f\^, P DMA (Path Division Multiple Acc 
ess ) N CDMA (Code Division Multiple Access ) 

[0 0 0 2] 

ffl^i^-<<ffi^ ©figf ^t'J a ;W£^t£Jg £ tit 

[0 0 0 3] El2 7{i N F DMA (Frequency Division 
Multiple Access) % TDMA (Time Division Multip 
le Access ) *5 J: T$ P DMAO^ftilff V* V 1 AM 3otf 

F DMA, TDMAti«tt;PDMA|:oV^ffiW-RM 

[0004] M2 7 (a) fiFDMA(Df t^Et^ 

*tnt*ot, s*5jaift»f 1 - f 4©ist^- 

1f 1 - 4 (DTtn ^ff ^r&m$Lmft&\£ftrfem£ti, 
#cx~if 1 ~ 4 ©fiftti»«[7 ^ /U* ('io T5>Ht S 

[0005] m2 7 (b) ^TDMAWft^^Ef* 

[0 0 0 6] *3E"T?«. «*«FS«8S«OflF&K:J: 

9SiKOja«t»*IJffl?a*S:ifi5*5fc«)^ % PDMA^ 
asgJBSfrT^So ^cqpdmaM^ 02 7 (c) 

[0 0 0 7] El 2 8 &V£Jk<D P DMAfflSJfi^OSff V 
»giJ-t"5fe«)tC 4*cOT^^^3~6^^:^fcttTV^ 

^n^or^^^otti^f^^^[iisg7^# 
A/D^S8[:J:oTf^^^f^ 

^Sft^^XtDSP (Digital Signal Processor) 1 0 




[0 0 0 8] DSPlOfCfL T tf-f'T -<-7T^<< 1 
1 , 1 2 t x SfcfcfB*'** WMH-JMH 13t, ^!)1 

fHffi£ZlX\,^Z, 0 T^tVT'T W 1 1, 1211, A 

/ d x&s 8 6 (±j ^ s 5 smm-^ & w je«> * - 

(i\ ^^A^cy H'-g^ftST"!; 7V7';H:fflv^* 

So 

[0 0 0 9] Sffff -S§~<^ b/t-ft-»<$ 1 3 fiA/D^ife 
g8i>?)Ogfiefi7y7'7 1 ^y7Wl 1, 12(7) 

AGASSI! 1 6li^!Jl 4iWfitt»Il 5i:(-*|- 
Lt2A©a- F^mfe-tZo ttBStittf-ffftl 

y 1 4 (CBEH LfcSiHt^^ h;ME>5*>, Jg^^ttfc 
2A®a- if<£>g{f«-§-<^ b/K^+ga+iMftSrH-^-r 

[0 0 10] 

-C :/T Kii, 12 tt-etb-t* tt>y-JS<o^— if i <fc 
ir x.(f =--if 3 ^s-— if 1 irlU C;fr|Rjfl>£>m ^•SriUff L 

-r#/t»£\ 7yyf-f7'7n , i 1^6^-— if i*3<t 

if l *J J:t>* 3 ©«^-S:»K-t?#-f , =>•—■ F 1 ©«■)§• 
co^SrtttiJ-r 3 r. i tefr^lt. 
[0 0 11] Z.<D&m<D±1t?>n#)lZ. T 

£Mr-T v-tr 7 trfflV^T^fra-— if c^f-^Sr^r -y >~t?/u 

* x A 5 r t -C-fc 5„ 

[0012] 

[0 0 13] ff*JS2^5^B^X'fi, M*^l«^# 
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6 

i - * n s « ft <d a. - if a* h <o m m us -r 5 ft <o 

10 ^s, 

[0014] t»*JS3fr#5^?g(i, Ifrojyfti 

m*xm$i:(o=L—y ! fat>a){m-&g.m-fz> - t s 

ttttl^airSrfllx., ^--Ifttffl^gkMu «-**ya#iw» 

P>ffi^J$ttSm^-S<5V^T*ftW3-— if«3 5*>W«F^ 

[0 0 15] ft*)S4l^5^B^-e{a, t&*«3(D^— 

[0 0 16] »*«5fc:#3Sg9if*, ffift^r^r-T-S: 
fflV>T«ft<73^-— if ^fjCDff - t 3 

tzm^-Km^m^m^m-rm^-^m^m t , *ft@ 

A^J^tt6m-^fc:S^v^-rl«m©3--if© 5 *.o#g^ 

t ('*ii©#5£<7>3--if ic^-rsm-^-^srttttj-r 5 
^zm^mm^mxmmzn±m%-i&ttcDmmcM-rz> 
^^mvxm^-mm^^hmti^ti^m^h^cD 

[0017] 6 (r#5^PjT'tt. w*^ 5 (om% 

«^aa» b tti^j s *t*(s bmn^&<omjjm 

50 [00 18] »*«7t#53BMtt, UEftwr^-7-S: 




7 

^-fftta^^^i^ ^-imm^a<^af±, 
^ i\\ ^a ^ #ia (d m m ^fk<DA^\aMt^m^ 

[0 0 19] tS**8^«5«WT*fi, bS** 7 

W*a^A**ixSfS^fe»W#®^ttl^ff#S:a» 20 
[0 0 2 0] lil*«9^#S«MT?fi. IS*«5^C>8 

[0021] otnffis^^fi, ffi^r^^-^ 

a<^— iFtftffl^a£«r«;t, ^-imw^a©#a 

* Ltm-^tta^a^A^ *ixs«-g-^ 

bW^^-^^WiC^sm^^srBfei-rsjRjit^a 
t rtftffl#a^«!ia^«»tttti*ao a^j 

^f^ff^s^a^^ffi^^^^ff^A^^n. 40 

20^^— ^ffl^a^Hua<^«**a^a^j 
^»a^m#ttu#a^A^^^-*. btvz> «t 5 K**a 
©^-imm^a^^^Ti^o 

[0 0 2 2] l l KfigSfBWCte, 10© 

jb^sj*. ff^-tta^at-j:oTtE6ai*ttfc«-^^ 

^-tttti^at-A^ £*x5ff ^C>**^aoUl^ff 
[0 0 2 3] !S*«i 2^«538^Ttt, M*J*3^e> 

1 l^^^a^^— i^w^si*. m-^tttti^a^m 50 
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* a tftjft^a S: * & * A,T*l ^ 5 0 

[0 0 2 41 »*JSl 3tr«S«MT*fi, »*ai^& 

[0 0 2 5] 19**1 4^«5«9§-ete, f»**1^5> 

[0 0 2 6] 1 5 tr««3SMT?fi. ft** 1 4 CO 

c dm a am jj^c «t o -cesf £ tht-m^it, mmmx 

B8a> W^J * *x5ff c DMAIS ^ztfc: J: v) Mfc-T 

5t^^#^att*LTm^»ai^a^^^safrit*^ 
ass &^fli;LTi^5„ 

[0 0 2 7] 

mm^mmmm] ant ^<oym<om^<omw& 

H |e] C0#^J^^m^^-/cm (mii2£JLh<Z>«&) A© 
Ifl, k, — , m^bOff-^-S! (t) , 

s k (t) t s ffl (t) &^^cftML>xmitt-m 
m-fi><DXhz> 0 

[0 0 2 8] 01^*5V^T, 0 2 8(^«Wi^i^ 
P D M AffiS ft v'^ r tt, A-A^(OTl^r^ 
3-6^ /a&»3E*lH]K 7 k* A/D3Eftg8t^ia! 
tfib*vCV^ 0 A/DaE*B8^&a^J$ixfcA^f«-& 

h^x, (t) i»gEiooi, iiti^) 

r^r^^TWAAn, A Aki, AA 

al k, ^7^^«SSPE lh PE U , PE 

[0 0 2 9] 7^7^^rWAA,„ A Aki, 

^tf) ^fi-g-Y.. (t) , Y kl (t) , Y 

.i (t) v^tn^tiMtiZn^ asgiiooc^b 

[00 30] /^^-^W^PEn, PE k „ 

PE Bl fl ^MJx, A^jff^^ h^X, (t) 
k, »DE ll( DE kl , UErttDttfo-fZ 

<DU&^^tiX\,^$\ ^•rs^-if^s-^^^A 
^jfS^-<^ hMztti-x i?(DUBtii£&jmfci,x^z>i>\ 

[0 0 3 1] ilSSt 10011 ^^--If i ( i = 1 , 
2, m) rT^tC, A^ff^^ h/^X! (t) 
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-if i <D£ ib&SA^m-^^ h/ux i2 (t) 

[0032] loon ^—^^t \zMj& it 

AMt^? h/ux 12 (t) , X k2 (t) , X 
(t) ^rtU>b 2^g07^f^^r 
AAi 2j A A k2> AA.2C4-X.So 

[0 0 3 3] 7^f^/rKAA 12 , A A k2 , 
AA^bttJ^jSixS^ — Ifff^-Yw (t) , 

Y B (t), y b2 (t) rat, ^rtt^ixStt/S-rstftift 

SDE, 2) D E k2 , DE B2 T^^$tL, 

!ffg-§-S, (t) , S k (t) , S 

D (t) k LTfcB^SatSo 
[0034] 12 2 Hi C^ UfcjKg^B 10 0 <DMc 

Of*. SKMP,, MP,,, MPw, M 

«tt/jpilt»ei^ct>, s»^MP k ^j:r>wsA 

Di , ADh, ADh, AD a Mgi 

i o otcfam£friX\s^Z>h<Db-f-Z>o 

[0 0 3 5] fSSMP,, MPk-i, MP W , 

MP, Cfi-ttL-Ptt. T^r^'TMAA,,, 
— , AAk-i , AA W , — , AA B J^&tZ^ — UMS-g" 
Y„ (t) , Y ( h», (t) , Y (*♦». (t) , 

Y.i (t) k, 
ck-oi, PE (k+!)l , PE. 1 ^e>Ogffff-g-«*^ 
H H.iir^-4 

x. £btbS 0 

[0 0 3 6] iSSMPt, MP k -i, MP W 

X, (t) = [ Xl (t) 
xj (t) =hjiSi (t) 
h jB S n (t) 



P E 



MP. ^tayjttJP»»AD k ^^A/7C4-x.b 
*K AtliB-%"<# h^X, (t) fi*R»^AD k COIE^ 

A^C4-*nb*iSo A^m^~<^ h/uxi 

(t) ^^^-if k^c^^-ifc^-rsm^^^ 

i&nzti, a-f kirwetSffif-fiJ^XB (t) 
*l&AD k ^bffi^*ixsr i:c>iSo ^n^cory^ 

So 

10 [0 0 3 7] ^<D^^ ti*t£*)<D=Fm{Bf§rf£fr&J&&£ 

0HJ;9 T#Hf Wf&ft&frtt: V Bfe*$ttfc«ffc^A^^< 
^ h/H§#x u (t) §r^2®@^m-rsr^^^ 
77WAA, (Hi) C^xSnirtiiJ:^ 

m^f^ns^-ifm^s k (t) c^ittsffi^^.— 9 s 

^bo^ff ^fiE^S>J-&*+5>CffiT*ii:S - k &X 
[0 0 3 8] ft*5 x SP*SAD k j^^H^bfcV^DW 

20 p k , MP.^5^<^SS*P»*cs*i£i"S*St« 
£X^fc<^^b^m^i:> A^ff^^ b^X t (t) 
irtfS-4x.£>*L£o -eUTrttb^An^^^^-e^ ill 

[0 0 3 9] #cM, g| i*s£X*m2Kml.1tme:<D£ h 

IUB#Ciif£i- S^.— ifSSrmAti-S A/Df 
M8^P)tB*S*l5AWf^ h/i-X, (t) fi#c 



30 



[004 0] 



, x 2 ( t ) , x n ( t) ] 

+ h j2 S 2 (t) H--+hjiS, 
+ nj ( t) , ( j = 1, 2, ■ 



(t) + 
n) • 



(1) 
*■ + 
- (2) 



±m<vm (i) s;*3ctvjg (2) 

lh£#:<7>!f? (3) jx5„ 

Xi ( t) =Hi Si 



Hi = [hii, 



? b^mm^U %k [0 0 4 1] 

(t) + H 2 S 2 (t) +- + HiSi (t) + 
• + H a S a ( t ) + N ( t ) 
h 2i , — , h ni ] y ( i = 1 , 2, m) 



N (t) = [n, (t) , n 2 (t) 
1 0 O^&Sffc&A^jff h 

/^x B (t) ^a^$^s»f^cov^*e>ci¥i»ecftt 

Mi-S^^^— ^ift^SPEn, PE kl , PE 

.i^Hi (i = l, 2, m) Jd**&£-C# 5 
So *fclil©7m>f^7WAA,„ AA 
kl , AA^dSitRW^Ctftf^L^iri-Si. Y„ 
(t) =Si (t) k&te-t^k&XZ&o * 

X k2 ( t) =X L (t) -Hi S t (t) ■ 

-H k n S k+1 ( t ) H D 

^<om (6) AicfR (3) SSrftA-TSi:, » (7) * 50 



- (3) 
•• (4) 

n n (t) ] T - (5) 

* [0042] z.<D@cmx\ i-^x^^-^m^-k-r^x 

A^jff^^ h/L-X k2 (t) (6) S:C«t"9*«)S 

[004 3] 



H k -, S k -i ( t) 

s fl (t) 



(6) 



(7) 
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[0 0 4 4] 

X k2 ( t) = H k S k ( t) +N ( t) 
X, (t) fcX B (t) &tt»tZ>b. X k2 (t) <Djy 
tf*S k (t) fiJl^^fiJc^Si (t) (i = l, 2, 
nu fcfcbi^k) 2*«4>LTV^ 2©Bc^T^ 

^>f^rM*«t9 »f£ b-^-r < ft & 0 

[0 0 4 5] ft;fc N 12 lfcfcJV^T. MDE 11( 
DE U , DE^rm^TWAA,,, 
AA U( AA^^SfiU ^ — ifff^Y 

u (t) , Y H (t) , Y B i (t) Sr^tL-eft, 10 

«4ft*«*«#3SH i 0 0 ^ ftM-tZ «t5ia-CtJ: 
[0 0 4 6] BI3fir^K^»2(D|llfi^S:^-t-^ 

m p»B ^ la w b <^> -c r ^ -c * ft v \ 

[0 0 4 7] 0 4«r^#SM^3<D||Jfi^liSr^-r^ 

^stL^A^ft^^ h^x, (t) j*. ry^T^y 

TWAAu, -•*, A Ah, AA al £:g^£B2 0 
1 k\£&X-btlZ> 0 T^r^^TKAA,,, A 
A kl , AA.ifi*f/Si-§^-— ifft-g-Yu (t) , 

Y H (t) , y„, (t) ^tti^nmmLxm 30 

ISI2 0 1 \C**7lZ> 0 
[0048] 13 5 fi. i4 ^ b7tS@3£g 2 0 1 ^ 0. 

fc«#as« 2 o i <D±#mi&<D 5 ^ ^-if k ^ais-t- 

5 ft ^aSrfTft 5 «#<0*S:JStt» b*CH^ bfc ttfTC 
fct^ j.— if kg^^- if 1 , •*•, k— 1, k+1, 

[0 0 4 9] J^T. El 5 Sr#B8 It, n.—- k Kjtf/Si- 

5A^ft-^-<^ h^x„ (t) ^m^-t^t-^xom^ 40 
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- (7) 
M P ( k+ i>kt , 



11-331125 



MP 



* Puh MPft-ou 

[0 0 5 0] ^°7^-^I^PE lkl , PE 

(k-i)ki , P E < k n)ki , "**, PE„ki 

*fg^^ h/ux kl (t) *TJSi-5^-— tfff-f-Yii 

(t) , Y< k -oi (t) , Y( k+1)1 (t) , Y 

.i (t) irKS^T, ^-f^^-if^Sffff^^ 
hyl/Hiki , *■*, H(k-oki , H( k+ Dki , •*', H 

[0 0 5 1 ] i|»P lkl , MP MP 

\s<4 AA,,, AA( H )h AA( k+t) i, A A a i 

£>b<^— iflf-^Yu (t) , Y( k - m (t) , Y 

(t) , Ymi (t) s<9*—*mi£$£p 

E iki , **', P E (H)ki , P E < k+ i)ki , ***, PE 

H (k+l)kl » ** , 

[0 0 5 2] SJgMPu, , MP MP 

J]tc^z_tbti, XMt^t h^x kl (t) kHhiMlSa 
D k ,c7)IEc7)A^^^-^btL5o ntb^J:^, A^ff^ 
^ h^X k i (t) ^^b, ^-if k K^a.— If (^^/S-f- 

« (t) M)ISAD kl ^bHlA * ti5 r i Icft5 0 r 

[0053] ^(ommmm^is^xh. ry-^r^^r 
r% #s^^-if^ta^^«^bTv>^»t>^^-r6o 

-tLT. 0 4t-^J;5^. r^J:9ft^-if^t±i^e 

[0 0 5 4] H4*5j;r/5^bfc3IJte^ffi^>§ 

[oo5 5]ai^t««iB«iat, r^^-^^ 

iag^-1f»Hii6«*«*i-SIilKc5 5*>, k#g 
©r^y7 1 ^77WAA kl fc t J;0 , fi»8t2 0 l (DA 
Mt%^<2 h/l-XkL (t) \*#«D%i (8) ^]T^t>^tt 



E< k . 1)k , ( PE (k+1) ki, PE lkl ^ iS^M * 

Xki (t) = [x m ( t) , x 2k i ( t) 

xjki (t) — hjikiSt (t) +h J2 kiS 2 

H (-h jfflk iS B (t) +n jk , (t) 

±m<Dm (8) ttzvpfR o) *t£-<^ b^mm^m 
-rkfrom do) T&xmt>&inz> 0 %t 

X kl (t) =H m S 1 (t) +H 2k i S 2 (t) + 
+ "- + H Bkt S D ( t) +N ( t) 



[0 0 5 6] 

. x nkl (t) ] T - (8) 

(t) +-+h jlkl Si (t) 
( j = 1, 2, n) •» (9) 

%Z [0 0 5 7] 

• + H ikl Si ( t) 

- do) 



(8) 
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= [h lik: 



14 



Nu (t) = [n lkl (t) 



n 2ki 



(i=l: 



l) 



(11) 



ib, if k^&aiff Sttfcff-^SrttttJ-rSlilKoA^ 
ft h^W^4*L5, at.— tf i d^iSfSSttfc«# 

kl (t) rau acw^*ttfciaa^-ifi*Hi3fi«^) 

[0 0 5 8] ^7^-^»SSPE lkl , PE 

(k-oki, PE< k+ ,m, — , PE Bkl T1j;, 

ki (t) If i ^i£ff SiXTtff-S-Si 

(t) (i=l, 2, m. fc*:Li*=k) <£>§:{fff* 

X k2 (t) =X k » (t) -H lk iYn (t) 

H<k+i>ki Y( k +Di ( t ) 
Y, (t) ^Si ( t) , ( i = 1, 2, 

±m<om (13) *j«trj« (u) ^frbvzvm (15) 

X k2 ( t) =X U ( t) -X,« S, ( t) 
H(kto k i S k ti ( t ) 

r^fg (15) ^h^<om (16) 

X„2 ( t) =H kkl Sk ( t) +N k2 ( t) 
L;fc;&SoT\ X k2 (t) fit, x k , (t) £Vhs 
k (t) K^Off-g-^Si (t) <i = l, 2, 30 
m N fcfcLi *k) tfqqiffiSfrfcffi-g-^ h/^i*So 

lf«#fifc»S k (t) *SH-J|[*tLS 0 0 6t±. r<D3BW 
COfg 4 (DWfcWtMfc <t £ P DMAfflSi&^^gff V^f 

ksa^^-— iftfeaa£a^*5v^T^.— if kcoft^tH^ 
ffifflLfcSftm^^ hA-Xk (t) ftasttfc 
3.-fk©fitSi (t) k'*7*--9m'%.m*bMj} 

«3*-r5ri:fc±5#bttfc«#^^ (k+ 40 

i) &B<D^-^mmm&<DTy-?Tj^T w<oa*j 
m-i-^ b^x k+I (t) ttsr <t^«t «9, ft^^- 

k + i (t) x 5\zi,tti><D-?i>z> 0 

[oo6 3] -ttrnvh* A/Daf»iffi8^c>ai^*nfc 

A^JfS-g-^^ b/uXi (t) fi, 7^r^7'7KA 
AutrAyj^ttSirtt^, JpJStSSAD! ^ 

t^PEn^t^x.^nSo r^r^rwAA 

uiaotAM^^h^X, (t) !f{f-§- 

Y, (t) j&SttttiSJv tft«»DEiitnJ:oTtft«**t 50 



( t) , n nkl ( t ) ] T 

- (12) 
K-^*^ hA-H ikl (i=l, 2, - 

^k) &iEmz-m'fe'?%z>t>v>b-r%> 



rru Tt/cL i 
Y ii (t) =Si (t) 



2, 



( i =1, 

[0 0 5 9] m 5 CDSIS^e 201 T*(i, A^ff#^^ 

h^x kl (t) ^-Q^tt^, ^--^k^hmm^tht^m 

^Sy (t) ^^m^^Si (t) (i=l, 2, 

illi2 0 KOW^ff-^X k2 (t) fi&^lg 
( 1 3) *-C^*tt5o 
[0 0 6 0] 



H( k -i)ki Y( k -Di ( t ) 
H nkl Y B i ( t ) •» (13) 
m) 
[0 0 6 1 ] 



(1 4) 



H( k -i)ki Si 

Hnkl So ( t ) * 

[0 0 6 2] 



( t) 
(1 5) 



••• (1 6) 

T^-ifff-^-S! (t) attil^^Wo r<Z>:* — if 
fS^S, (t) [^y^^SSfPE^lSMP 

[0 0 6 4] A'y^^tHSPEnlt ^ffi^nfc^ 
-ifff-^S, (t) iA/jfS^^ h^X, (t) irfc: 

1f«*S l (t) iftSUlU ^CO^^Pl^AD, 

t^i^o *n»8SAD, laotA^lf^^ wu-Xi 

(t) d^H, S, (t) ^*S*i|LS*L, 

^ b/t-x 2 ( t) k ^ti5 0 

[oo6 5] &m<D^-^femmwh±&<D%n®L<D^— 

mgBte. rm^7WAA u i, MSdEh 

^7^-^*SPE H ^, tISMP k ^ Any 

»AD k i:«r&tf 0 ^LT, (m-1®) (D^-— 

1ftfttH3SB^>JD»*AD ir .^e>, 7^f^7W 
AA.,fcJ:t)«^«SDE.i^LT^.— ifm(^3. — ifff 

-^S B (t) tfSffi;*j£;h>5o 
[0 0 6 6] »ct^ HI6^^L^®4cO^»^C9»j^ 



• 



(9) 
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mm\^tz.m d) (s) sua. :^4^»f 
k (t) amt^ryyT^rwAArfMi: * 

Y k (t) =a k S k (t) + a k+1 S 

k (t) 

a k = 1 , a ( =0, ( i = k + 1 , 
I a k | 

fff{iS fc (t) T*fc5o 
[0 0 6 8] — ^5^-^«I^SSPE k i^, 

tL^^-if k<^-iFm#s k (t) iA^fft^^ b 

/ux k (t) ^-iFko^-ifft^gffff^ 



x k+l 

(i9) 
(2 o) a:^#e>n«o 

X k +i 
+ N 



( t) =X k ( t ) -H k S k ( t ) 

* 

( t) = {H k S k ( t ) +H k+1 S 
( t) } -H k S k ( t) 

= H k+l S k+1 ( t ) + - + H. S 



16 

[0 0 6 7] 

( t ) + — + a ffl S B ( t ) + N 

(17) 

, m) , | N k ( t) | << 
- (18) 

^±t>^— tfm^s k (t) tawft-^ff*-^^ h^H k 
^ b^x k (t) ^^ig*^, &m<o 

-f SHiSt^OAMt^^ h^X w (t) i-T 
[0 0 6 9] 

- (19) 

[0 0 7 0] 

( t ) +-- + H a S tt ( t ) 



k + 2, 



10 



-(Dm (15) Sa>e>Hft¥£;ix5«fc5^ A;^;? 
ff-^X k+l (t) hu®^^.— If^m&H^A^jff-g- 
^ f;^x k (t) ^tb^—^fS^rS k (t) 

(i-4to*>, k + ims<D^—^m^m<oT^T^ 

^ftfc^ F/Wf^^otV^o «toT, k+l^S 
<D^— lP^|±lSIB^>r ~?T \"i A A( k+ DiC9A 

>3ff h^i: LT«X k (t) <fc«9t>X k+1 (t) 

U -?r^^*. <£ 9 lEAfc^— If (k+1) (Dff-g-S 30 
k+ . (t) fcttBtS^imSo 
[0071] g|7fl, 136 ^ Lfc^ 4 <DmMMM<om 

^mxh^ms^mmmm^-rmx^^o me<omm 

J&mX*l^ T^f^YKAAu, AAh, 

AA^^W^iC^tlf^MDE,,, D 
E kl , DE (irl n£^KLTV^<£^U |7|: 
^L^^WT-fi, 7m^^7WAA„, A 
A kl , AA^oi^&W^SttS^-— Ifff-^Y 

i (t) , Y k (t) , Yn (t) Sr^rtt-P 
^7^^KSPE„, PE kl , PE (m 40 

-oi*5 «t tKS#8SM P, , MP k) MP rl C 

A^tTS J: 5l-*^LfcfcOTfc5 0 
[0 0 7 2] ^LT, ^7^^i£SPE„, P 
E kl , PE rl (t ^-Wf-^Y, (t) , Y 

k (t) , Y.-i (t) bAMt^t h/^X 
i (t) , x k (t) , x.-i (t) kfab, 

its, kai, m- iaB<osm«#««-< 

^h/WHi, H k , Hri*W^J"t"5o 
[00 7 3]ifSMP 1( MP k> MP H 
te^ax-***^ SfSff ^«-<^ b/^H! , H k , 50 



(t) +N (t) 

- (20) 
, Ha-! ^^--ifff-^Y, ( t ) , ■ 
, Y rt (t) i«:3i#U 

AD B -, fi-tft-pax, A^jff ■ 
(t) , x k (t) , X.-i 



Y k (t) , 
AD,, AD 
§-<^ b/UX 

(t) 3R 



S^t'fcSHtY, (t) , — , H k Y k (t) , 

H,-i y,-i (t) ^mw-r^o -ttuu^ttfe 
[0074] msn^ m6\CTjkLtcm4(Dmmnm(Dm 

SS»P 1( MP k , MP rl ^^r 
LT, 0 6 ^*L^^.— ifff-§-Si (t) , S 
k (t) , •*•, S.-! (t) T?-?T>(~7T 
KAA lb — , AAki, — , AAfa-oi^bffl^jStt 
53.-f«*Y, (t) , Y k (t) , Yn 

(t) %A£}^&£?\-Mf$lstch(DX$bi9 , ^nSX^ 

<Dffif&tem 6 <Dmj&MM(Dm & t m cx&z> 0 

[0 0 7 5] roWr:fo^Tt>, k®:B(D^—*f$ittim 

wicmmztizAtim^? h^x k (t) a>e>, tftw 

$n^c^-if k(Dff^Y k (t) 

*»ur#e>*tfcfa^-<^ b^^, k + i^gco^-if 

«ia®H^T^T'^^T l^-Y AA (k+l )i^A^ff ^ 
^ h^X k+1 (t) tf5^i:l:«tt), J:t9IEat-^- 
if k+ l^{f-g-S k+ i (t) SrttHit5ri:^T^5o 
[0 0 7 6] BI9fi. ±SliO#lllite?gJi^*5V^TffifflS 

— i^^s ^mmm ttv^ mm s k 
(t) tijfeo® (2i) ^;-e^^^tL5 0 



(10) 
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[0 0 7 7] 
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X k (t) 
x jk ( t ) 
(t) 



= C x i k ( t ) , x a ( t ) 
^hjkSk ( t) +h jW S w 
(k = 1 , 2, n) 



(22) ^-<^ h/^mm 



x nk ( t) ] T 
(t) + **--hh jB S n 

[0 0 7 8] 



18 

- (2 1) 
(t) +n 

- (2 2) 



( t ) +- + H. S a 



( i =k, 



±M<Dm (2 1) 5«oJ;0<: 

X k ( t) =H k S k ( t) +H, 
( t) 

Hi = [h li( h 2i , h ni ] » 

N (t) - [n, (t) , n 2 (t) 

k (t) ^^-ifff^-Sk (t) ^T^^/wp^ 
(Xk (t) iSk (t) t^It^FI^) SrSf 
!f k^^L— !f«#S k (t) (O 

E [Xk (t) Sk (t) ] = [E [x ik (t) Sk (t) ] 
) S k (t) ] , E [x nk ( t) S k ( t) ] ] T 

m^t(DT^^^m^n^~^t^<D 233 [0 0 8 0] 



ftb?>*:\ k 



(t) +n 

- (2 3) 
k+1, »-m) ■•• (2 4) 
n n (t) ] T - (2 5) 
*-^Yk (t) £rffll^Tt>, Yk (t) =S k (t) frf& 

I? (2 6) Ac9J:3fctHt**t* 0 

[0 0 7 9] 



[ X 2k ( t 

(2 6) 



rrT\ E [ 

tS, ( t ) ( i = k + 1 
ft< s ^o^-ifff-^-Sk 
E 
E 



E [x jk ( t) S k ( t) ] = h jk E [S k 
Sk + . (t) Sk (t) ] +-+hj.E 
t) S k (t) ] , ( j = 1, 2, ••• 
] f*. [•] OT^^^u3p*S*S» 
(t) 4:*;h,«^<D^-lF« 
m) i<^ra^«ffiB8d5 
(t) t^ff^N, (t) ★ 
[Sk ( t) Sk (t) ] = 1 
[Si (t) Sk (t) ] =0, 



(t) S k (t) ] +h jk+ ,E [ 
[S. ( t) Sk ( t) ] +E [ nj ( 
, n) »■ (2 7) 

[0 0 8 1 ] 



( i = k + 1 , k 4- 2 , 



E [ n j ( t ) S k ( t) ] =0, 
<toT. E [x jk (t) Sk (t) ] 



( j = 1, 2, 
= h Jk( <j=l, 



n) 



m) 



n) 



(2 8) 

(2 9) 
(3 0) 

(3 1) 



E [Xk (t) Sk (t) ] 



[hi 



h nk ] T -H k 



SX±(D£ 9 ^--if k^ff-g-Sk (t) <z>gff«-5§-« 

^SPEkifi, kcoA^m^^ 7 h/^x k (t) 

i:. tftfflSixfc^— if kt^m-^Sk (t) t^ryfy 

[0 0 8 2] 01 Of*. I©8K^7^Mlia 
^T^r^^TW 11,1 2<^Hi;W^;h,*ixT 

o, 2 i^bta^^tt5^-ifff-^^sffm^^ 

[0 0 8 3] 01 0fcl:fc3V^T\ T^f^f^7Kl 



40 



50 



- (3 2) 

i, i 2^#^-ei*aSixfcm-§-^fi. Bffa<^^— ifff 

SrffiJ^U ^JSt^T^T^^T W 11,1 2 ~Ctt 
LfctttK-^D s P i oa^bttl^SaxSo 

[0084] mil mi o^^l^t^^^^^ 

(OfllfiRSr^i-^ni y^0T*S>5 o 111 1^£JV^T. T# 
3r 7 2 0 f3\ ^JPg^ 2 0 1, 2 0 2 i, 

12 0 3 ^ f±imS2 0 4 i, ^5^-^«t3£ 
S20 5 t, ^SC^2 0 6, 2 0 7 ^ Myf 2 0 
8, 20 9 h 2 10t^f)W^*tlT^5 o 

[0 0 8 5] ^F#^r -V >ir 72 0 <ZV*;*#*fftSr 2 i: 



(11) 
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U ^-i^i^fS-^^s, (t) , ^--if 2(Dff-^^s 
. (t) £U A^fB-S-^SttSJt^^Srn (t) 

^--if 2^ff^«^B<!:t§i, A^ft-^x (t) 

[0 0 8 6] 

x (t) =ASi (t) + BS 2 (t) + n (t) 

* — 2 0 5 (lA^ff 4§-KS<5V^«*A*3 

<tt/BC9fl[S:ifl^5 0 »SStHlt*2 0 3tt. r<E>»ig 
SHI«2 0 3^A^rSixS«#Y (t) ^>|fe»«Srtmt 10 
BSSSSHHH20 3^A*Sixs«#Y 
(t) «#cS;*c**fcStts 0 

[0 0 8 7] Y (t) =AS, (t) -A' Si' 
(t) +BS 2 (t) -B' S 2 ' (t) +n (t) 

(t) *5j;t> + s 2 / (t) Sift Sixfcm-S-s 

, (t) *5«fcT*S 8 (t) M — &U *#£3£* 
2 0 5«£U:^7^^ (A' , B' ) &M<Z>m 
(A, B) bC—m-tZ>t^ Y (t) =n (t) bt£Y). 

BRHtf»«2 o 3©A^ff#fift/hi^Sc 20 
[0 0 8 8] S±*^ffc;«2 o 4fi. «t>RH^/hS 

yf2 0 8, 2 0 9f*. > ^MM k x — ^fflPfl 

iTA^m^Sr^Otft^TW^-rst^^fc"?, 

fb«2 0 4ftiJtrA^^«)*x.&tL, rax^J; (9 r<Z>ft;fc 

[0089] hi 2^ r^w^i8^wiia 

^0T?fc!9. El 13(1, @12^l/:WtVt7 

[0 0 9 0] Ell 2^*51^ ^(Dmw&moi^mi/* 
^A-cfi, H 1 o LfcHlfi^Jg^f t 7 2 

0, 2 1(^1:^^^7 2 2, 2 3 3&SRtt&;ft, 

§1?)^— if LT^Fgf^ >"t7 2 2 t^x. £>;h,5 

k t^K^^-^m^t UWt^t7 2 3M# 40 

x.bix, ^or^f^rw 1 2x^m^nfcm^ 

&ffiM<D=L— k LTT^^-r^ir^ 2 3 

tiZk khtcT-^— fit^k Uf^tyt7 2 2 

t^x.fb2x£o Wir^7 2 2lt il 3i^ti:* 

Y (t) =x, (t) - x 3 (t) *E 
= AS, ( t ) +B S 2 ( t) 
-AS, (t) +ni (t) 
Lfc^oT, A^l^fa-^x, (t) frh=F&=L—lf s f£ 
^x 2 (t) £tr&6 0 
[0100] 014 0 12 \Z7f: Lfc^pgP^-r i'i? 7 50 
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* 5^, tft«iiitt2 2 1 ffiMth»«2 2 2 t, mx 

S2 2 3 i, 2 2 4 i: £^t? 0 

[00 9 1] rr.T\ m 1 3 fC^Lfc^F^^r^^iry 2 
2^^- i^l&Sr 2 i: U AJlKDm^&X 

1 (t) , A;* 2 x 2 (t) iu 1^iS[HlSS2 

2 l^ffl^ff-g-SrX, (t) iU ai^lt^^Y (t) 

[0 0 9 2] If:, 0 1 3t-^it^^-1f l^ff^^S 
, (t) , If 2 <D\%%%: S 2 (t) £ U A^J 1 <D 
m^fc^S^SJt^fric^Srrn (t) , A^2(7>m^^ 

d*n«*t*j«»s:n, (t) iu A^i^m^t^ 

!f l©m^«*S:A, A^lOff^-t^^ 
jx^rz.— if 2 (Dff B, A^Offi-g-K^frl 
5^x— if l^m-^^^^C, A* 2^f-g-^#*tbS 
if 2^m^««S:Di:i- Si:. 2ocDA^ff^x 

, (t) , x 2 (t) fi-en-pixScatr^tosttSo 

[0 0 9 3] 

x, (t) -AS, (t) +BS 2 (t) + m (t) 
x 2 (t) =CS, (t) +DS 2 (t) + n z (t) 
2 0(7^ A^ff-^X! (t) , x 2 (t) \±^ttl^fl, T 

y^f^^rw 11, 1 2offi^{f-^-cfe3££>T% si 

[0 0 9 4] A= 1 , D= 1 

A>>B, C<<D 

Si (t) , S 2 (t) »n, (t) , n 2 (t) 
rr.T\ A^2(D|f^x 2 (t) ^St^i:, #^ 
£{f-^x 3 (t) tt»:S:-e*fc$ns 0 
[0095] x 3 (t) = s 2 (t) 
rc9ff-^-x 3 (t) kAJdKDit^xi (t) £<£>[ig<£> 



(t) ] =AE [Si 
(t) S 2 (t) ] + 



[0 0 9 6] E [xi ( t) x 3 

(t) S 2 (t) ] + BE [S 2 
E [ni (t) S 2 (t) ] 

[00 9 7] 

E [S, (t) S 2 (t) ] =0 

E [S 2 (t) S 2 (t) ] =1 

E [n, (t) S 2 (t) ] =0 

Lfcaso-c, m^-xi ( t) k x 

[00 9 8] E [x, (t) x, (t) ] = B 

L/c^oTW^jfS-^Y (t) f±»cS:T^to*^5 
[0 0 9 9] 



( t) k<Dffl<OT: 



[x, 
+ n, 



(t) 
(t) 



x, (t) ] 
— B S 2 ( t) 



^^^-v^ir^ 2 2f±. 0 1 1 tr^L^T*^^^^ 
fc:#£afc&2 1 1 %WtrtZ> J: 5^«ricb^fc^T*&5o mi 
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*£O0 1 l^ttf^t>'ir7 2 0tU ae 

ffffi2 0 4^f^fif^s 2 (t) (Dmrnm^-s 

/ (t) £*^i-5<fc5t-«f*bfcas N -<omiA\c 
fjk Lft=?W* -V >±v2 2 -Cte. ftliBEffi 2 11 cofi^jKttl 
^^^■^-^f-^Sz (t) tit, ^^(^209 

m^^mmtmmomi i<ommmmtmcx^> 
[oioi] iai5it ^<Dmm<Dm9(DmmMm{-x 

<5 P DMA ffl Sife^ (O gff ^f^Sr/Tt^s/^it 
fc£ 0 r^Hli^lBtt, HlOl^lfcrmV^T 
Kll, ncfUtT^f^/TWn, 18 
«:Rfl\ mt^T^f^TKn, 1 8 M-tJx 
mf^t^7 2 0, 2 1 J:^) M^^y^fft* 

[0102] mr% T^tyty^br^f^^ 

1rt&fr%T#'7*r4'?T\''( 17, 18 ir^^-YVi? 
720, 2 1 <h£tbf££^6IU«fcf3:, ^#>&tf>T:J3< 

[0103]@16ft r©|8M©«l O^Jfi^ffi^ 
J; S P DMAfflSl^^ffv-^rA^/Tt/p v$m 
XhV, 0 1 S^^Lfc^^r-Y^ir^ 2 0, 2 1^i 
12^Ltf^t>t7 2 2, 2 3tIMTW 

iry 2 2 13. rm^YK 17, 1 8-CttW£;}x 
~-1fl<&ft#jfc&«\ ^**^s«t5«ix.e>ttfc«1B 

[0104] 017 *5 <£tMII 1 8 fi, ±i£tf>#|lifi7l2l§ 
[r*J^5 7^f>f^7W 17, 1 8<D— fllt^H*:/ 

u y?mx£>z> 0 mz, iai7fi. 101^- -?x<d 

^H-efet), ii8it 2niijsJi»o/^^TO7^y 
^ ^ ^7 w t-^tt 5 ft ^mms&Ttt*?* ytmx 

[0105] 0 1 7*3«fctf|g 1 8 t^^oV^T, &Tff°yr 
W i-f^A^^— M81-184 &WL» hfhX 
*5t), *ft^h^A;*J#— htrf±A/D3E*8S8T*A/ 
DS^^^fc4*0DT^^*^ 3-6 frb<DXtim ^A 

mi 7 6 ta»Si 71-174 <htr:^x.6,tt5 0 

[0 10 6] h-<^ h/l"tHH»l 7 6 14. A^ 

— h 1 8 1 — 1 8 4 AjJHf ^-i. 17 71: 
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- ^ > ^ /c &m % s 1 7 5<omt} mi 7) s/^ 
a^^-v^y 2 2<Dmtt (mi 8) t&m^x, $ 

[0107] 171-174^ Atltf- hlS 

1 — 18 4 <DAt)it^t b^<? h/Vwi — w 4 t 

^tth^fnmn^xmw^i 7 5^mt}-tz> 0 *n*»i 

7 5 (4, fH^tff 17 1-17 4 (O^ttl^tKOmtiiS^ri: 
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